Neutral particles ejected from biological material under ultra short laser ablation have been investigated by laser post-ionization time-of-flight mass spectrometry. It could be shown, that beside ionized species, a substantial amount of neutral particles is ejected. A temporal study of the ablation plume is carried out by recording neutral particle time-of-flight mass spectra as a function of delay time between the ablation and post-ionization pulse. Close the ablation threshold, the mechanism of ejection is found to be of predominantely mechanical nature, driven by the relaxation of the laser-induced pressure. In this regime of stress confinement, the ejection results in very broad velocity distributions and extremely low velocities.
I. INTRODUCTION
The interaction of ultra short laser light with biological tissue is the basis for an immense and still expanding number of medical applications of lasers. Tissue processing with ultra short laser pulses has been of growing interest due to the high precision achieved.
Refractive surgery inside the human eye or 'nano-surgery' of single biological cells are striking examples
1 . The potential of ultra short laser radiation for surgical applications can be considered as established 2, 3 .
While the nature of the mechanisms behind ultrafast laser ablation of biological targets has been studied theoretically quite extensively, mostly using molecular-dynamics (MD) simulations 4, 5 , the number of detailed experimental investigations is very limited. For example, molecular dynamics (MD) ablation studies of organic solids have suggested two principal classes of ablation mechanisms based on the laser parameters such as fluences and pulse widths: (i) photochemical processes in which the breakup of the material is the result of strong tensile stresses (spallation) 6 . (ii) photothermal ablation, where laser energy absorption is followed by its conversion into heat, which finally results in high temperatures; possible consequences include homogeneous nucleation, phase explosion and vaporization 7 .
For femtosecond laser pulse irradiation, the exact dynamics of the ablation process is not well understood as it appears to be a complex combination of these different mechanisms and also a function of the material properties which may change during the course of ablation.
In this paper we analyze the mechanisms of material ejection from biological tissue under ultra short laser radiation, as well as their pulse width dependence. Using laser postionization mass spectrometry techniques we follow the temporal evolution of the plume composition. The measured velocity distributions of the ejected neutral particles are extremely broad and cannot be described by a Maxwell Boltzmann distribution. For fluences close to the ablation threshold but below that for plasma formation, laser induced pressure due to overheating of the irradiated material is identified as the key processes that determine the dynamics of laser ablation.
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II. EXPERIMENTAL SETUP
The experiments have been performed in an UHV chamber equipped with a reflectrontype time-of-flight (TOF) mass spectrometer for detecting laser ablated particles. LaserPost-Ionization is used for neutral particle detection. Ablation and post ionization is performed with ultra short laser radiation by a system which consists of two multipass CPA Ti: Sapphire amplifiers (Femtopower) seeded from a common mode locked Ti:Sapphire oscillator (Femtosource). The system, operating at a repetition rate of 1 kHz, provides laser pulses at a center wavelength around 800 nm (1.5 eV photons) with a typical duration of 25 fs. The ablation beam was incident on the surface at an angle of 45 measured from the surface normal and was focused to a spot size of typically 100-500 µm in diameter. Thus, the neutral spectrum consists essentially of fragment particles rather than direct ejected particles. Furthermore, comparison with the ion spectrum reveals, that close to the ablation threshold neutral and ions are ejected with a majority of neutrals.
Given the large number of clusters found in the plume in this regime, ablation exhibits a mechanical rather than thermal character.
Laser ablation in the short-pulse regime involves different processes which are effective at different deposited laser energies. In order to investigate the mechanisms of the ejection close to the ablation threshold we have measured the time-of-flight (TOF) distributions of several neutral particles. Contrary to measurements of the velocity of ejected ions, the measurement of neutrals is more informative due to the physical ablation process itself, since We can derive from the data a basic conclusion: the relevance of stress confinement as an important contribution to the ablation mechanism. In this scenario, the thermal expansion of the volume heated by a laser pulse generates compressive stresses. The subsequent propagation of these stresses from the free surface can transform them into tensile stresses of sufficient strength to cause mechanical fractures parallel to the surface of the sample and ejection of the upper layers. The spallation proceeds through nucleation, growth and coalescence of voids within the spallation region 18, 19 .
As already demonstrated in previous experimental and molecular dynamics simulation studies 10, 20 , the ablation mechanisms, and the parameters of the ejected plume have a strong dependence on the laser pulse duration. Figure 4 shows the measured TOF distribution of the ablated neutral (m/z = 28) for two different additional laser pulse widths ∆τ = 350
and 500 fs (in addition to the data for the regular 25 fs pulses). The energy per pulse was kept constant. In this regime of stress confinement, pulse width variation allows us to obtain important information about the dependence of the material ejection on the laser peak intensity as a function of ∆τ . It is well known that the photomechanical fracture 6 is determined by the interplay between the tensile pressure and the thermal softening due to the laser heating: higher tensile pressure (up to -150 MPa) does not cause mechanical fracture 19, 21 .
Much broader TOF distributions with slow velocities are observed in Figure 4a , which can not be described by a Maxwell-Boltzmann distribution. For a pulse width ∆τ = 500 fs, the velocity distributions can be roughly described by a modified Maxwell-Boltzmann distribution. Simulations demonstrate that a broader distribution is characteristic for the plume ejected in the stress confinement regime In the first scenario, in spite of the dominance of photomechanical ablation in the first case (short pulse ∆τ = 25 fs, high peak intensity), one can imagine that this regime is characterised by the occurrence of photothermal effects in addition to the photomechanical effects. Because laser-induced spallation can be initiated at energy densities much lower than those required for phase explosion and vaporization, we believe that the increase in the pulse duration leads to an irradiation regime below the thermal ablation threshold and thus phase explosion cannot occur and account for material ejection in this regime. So, 7 more laser energy is converted to mechanical energy of the thermoelastic stress wave. This is probably the reason why spallation becomes more dominant. Second, The etch depth is determined not only by the amplitude of the tensile component of the pressure wave, but also the temperature gradient produced within the irradiated surface region. Close to the ablation threshold a decrease of the peak intensity leads to an increase in the tensile pressure. This means that tensile-wave-mediated effects become more dominant for longer pulses (350 − 500 fs).
IV. CONCLUSIONS
In summary, we have investigated the mechanisms of the femtosecond laser ablation of 
